Transforming growth factor-beta modulates receptor binding of calciotropic hormones and G protein-mediated adenylate cyclase responses in osteoblast-like cells.
Transforming growth factor-beta (TGF beta) produced by osteoblasts is present in high levels in bone and influences bone formation, replication of bone cells, and expression of osteoblast protein products. Interactions between bone active hormones and locally released and activated TGF beta were studied by examining the influence of TGF beta preincubation on PTH, calcitonin (CT), and vitamin D receptors in an osteoblastic cell line (UMR 106-06). Preincubation of UMR 106-06 cells with 1 ng/ml TGF beta for 3 days increased specific binding of [125I]PTH-related protein (PTHrP)(1-84) to 140% of that in control cells, but [125I]salmon CT binding decreased to 50% of controls. Binding isotherms indicated that the changes in binding were due to altered receptor numbers since affinities for 125I-labeled PTH and CT remained unchanged. The effect on receptor levels was time dependent, requiring 24 h preincubation with TGF beta for measurable changes, and dose dependent, with maximal effects seen with 1 ng/ml TGF beta. Binding of [3H]1,25(OH)2 vitamin D3 was increased to 130% of control in cytosolic extracts of UMR 106-06 cells pretreated for 3 days with 1 ng/ml TGF beta. Scatchard plots suggested an increase in receptor number without change in affinity. The adenylate cyclase response to PTH increased to 150% of control cells after 3 days of treatment with 1 ng/ml TGF beta; however, the adenylate cyclase response to CT was little changed. Forskolin- and cholera toxin-stimulated adenylate cyclase responses were increased by TGF beta treatment to 130-160% of control, indicating an increase in the stimulatory subunit of the G protein. Increased abundance of both Gs and Gi proteins were indicated by increased cholera toxin- or pertussis toxin-dependent [32P] NAD ribosylation of 47-kilodalton (kDa) and 42-kDa or 40-kDa proteins, respectively, in TGF beta-treated cells. Our data support a complex regulatory effect of TGF beta on UMR 106-06 cells with increases in PTH receptors, vitamin D receptors, and G proteins, whereas there is an apparent down-regulation of CT receptors. TGF beta might induce a more differentiated osteoblast phenotype of these cells, which already express differentiated features such as high alkaline phosphatase activity, PTH and vitamin D receptors, and collagenase production. Since low doses of PTH stimulate bone formation in vivo, TGF beta released or activated at sites of new bone formation might locally modulate PTH activity be allowing increased PTH receptor and postreceptor effectiveness.